Levels of later-life loneliness are high in Eastern Europe. We assess whether having more children is protective against later-life loneliness for Eastern-European mothers and fathers. Drawing on Generations and Gender Surveys data of 25,479 parents aged 50-80 from eight Eastern-European countries, we adopt an instrumental approach exploiting parents' preference for mixed-sex offspring to estimate the causal effect of having additional children on feelings of loneliness. We find that having an additional child has a causal protective effect against loneliness for mothers. Ordinary least squares regression models also show a weak but statistically significant negative association between number of children and later-life loneliness among fathers. However, results of the instrumental variable analyses are inconclusive for this group. We thus do not find statistically significant causal evidence that having an additional child is protective against loneliness for fathers. Our results underline the importance of addressing reverse causality and selection bias when investigating the links between number of children and later-life loneliness, particularly among women. The causal evidence presented here suggests that the trend towards families with fewer children noted in several Eastern-European countries may place new cohorts of older Eastern-Europeans, and in particular Eastern-European women, at risk of stronger feelings of loneliness.
Introduction
It is well-established that the prevalence of loneliness among older people is relatively high in Eastern Europe (De Jong Gierveld and Tesch-Römer 2012; Hansen and Slagsvold 2016; Van den Broek et al. 2019; Yang and Victor 2011) . Loneliness is the negative experience of a discrepancy between the number and quality of the relationships that one desires and those one actually has (De Jong Gierveld et al. 2006; Peplau and Perlman 1982) . Given that loneliness is associated with raised risks of morbidity (Courtin and Knapp 2017; Ong et al. 2016 ) and mortality (Holt-Lunstad et al. 2015) , it is increasingly recognized as an important public health issue (Gerst-Emerson and Jayawardhana 2015) .
Drawing on data from the Generations and Gender Surveys (GGS), this study aims to shed light on whether having more children is protective against later-life loneliness in Eastern Europe. As considered in further detail later, adult children can be expected to be a particularly important source of support for older people in Eastern-European countries where there are strong family norms and weak public support systems. When older Eastern-European women and men have more children, it may thus be less likely that they experience a discrepancy between the support they can derive from their network and the support they would desire.
Earlier work in which the links between fertility and loneliness has been estimated has tended to adopt a descriptive approach (e.g., De Jong Gierveld et al. 2012; Hansen and Slagsvold 2016; Stevens and Westerhof 2006; Van den Broek et al. 2019) . Results from these studies should be interpreted with caution, because both fertility and loneliness are strongly socially patterned. For instance, socio-economic resources and family orientations, which are often unobserved, may affect both fertility behavior and feelings of loneliness. Therefore, estimates from previous studies may be prone to bias due to selection. Also, the commonly taken approach does not allow accounting for potential reversed causality. We extend earlier work by using the sex composition of respondents' two firstborn children as an instrumental variable. This approach allows us to estimate the causal effect of high fertility on loneliness.
Theoretical Background and Hypothesis
Loneliness can be defined as a discrepancy between the support that can be derived from one's network and the support desired. Having many children may affect both the former and the latter.
Support Availability
Next to spouses and partners, children are the most important source of support for older persons (Dykstra 2015; Wolff and Kasper 2006 ). Litwak's task specificity model (Litwak et al. 2003; Messeri et al. 1993) suggests that the particular characteristics of adult children, such as long-term internalized commitment, make them likely providers of a range of different types of support, such as emergency financial assistance and acute help during illness. Similarly, the convoy model proposed by Antonucci et al. (2003) suggests that children represent a safety net that can be activated in times of need, and that may promote feelings of reassurance among older parents who expect to be able to draw on it in times of need. Research has shown that older adults are indeed more likely to receive support when they have more children (Grundy and Read 2012; Marcil-Gratton and Légaré 1992; Uhlenberg and Cooney 1990) . Adult children may also provide a sense of belonging, feelings of gratitude and opportunities for sociability (cf. Evenson and Simon 2005; Tosi and Grundy 2019) . Consistent with this reasoning, Canadian older parents with more than three children have been found to be less likely to be devoid of daily social contacts than their counterparts with two or three children (Marcil-Gratton and Légaré 1992) . Through the mechanism that higher fertility may result in a larger potential for older parents to derive support and companionship from their networks, having more children may be protective against later-life loneliness. It should be noted that Eastern European women live and age alone relatively often, due to the large gender difference in mortality in Eastern European countries (Bobak 2003) . Hence, for women even more so than for men, having many children may be an "old age insurance" against loneliness and support deficit (cf. Hansen et al. 2009 ).
High fertility may not just expand the network of potential providers, however. It may also shrink the quantity and quality of social relations outside the family. Parents with many children have less time to maintain social contact and engage in leisure activities with friends, neighbors and colleagues. Research has shown that engagement in social activities with non-kin is higher among parents of two or three children than among parents of four or more children, particularly when they are not living with a spouse (Marcil-Gratton and Légaré 1992) . Social interactions with friends and local community are based on shared values, interests and lifestyles, and provide opportunities for support and self-recognition (Adams et al. 2000) . Given the characteristics of non-kin network, studies found a positive association between friendship ties and mental health (Han et al. 2019) ; an effect that may compensate and outweigh the one of family relationships (Fiori and Jager 2012; Huxhold et al. 2013) . From these considerations it follows that parents with many children may have less interactions outside the family, which may produce higher feelings of loneliness in later life.
Support Need
High fertility may also result in a higher need for social and economic support, due to health issues and economic opportunity costs. Repeated pregnancy, parturition and lactation may make women who gave birth to many children vulnerable to various health problems in later life. Research indicates that so-called grandmultiparous women-typically defined as mothers of at least four or five children-are at increased risk of a range of diseases, including diabetes (Nicholson et al. 2006; Vandenheede et al. 2012 ), cardiovascular disease (Durazo et al. 2018; Parikh et al. 2010) , cervical cancer (Grundy and Kravdal 2010) , and of reporting poor self-rated health (Kington et al. 1997) . Additionally, raising children may jeopardize women's employment careers and reduce their chances of obtaining higher salaries and prestigious occupations. A recent meta-analysis of research on the so-called motherhood penalty showed that high fertility was associated with lower wages for women (Cukrowska-Torzewska and Matysiak 2018), which may result in financial problems in later life (cf. Hank and Wagner 2013) .
Although the above mentioned mechanisms are particularly salient for women, adverse effects of high fertility have also been reported for men (e.g., Grundy and Tomassini 2006) . Keenan and Grundy (2018) argued that the cumulative stress and financial strain associated with raising many children may partly explain the finding that both mothers and fathers of four or more children had poorer physical and psychological health than their counterparts with two children (cf. Read et al. 2011) . Consistent with this reasoning, Hank and Wagner (2013) found that European older mothers and fathers of four or more children had a relatively high risk of experiencing financial strain. Moreover, Grundy and Read (2015) showed that allostatic load, a marker of repeated or chronic exposure to stress (McEwen and Seeman 1999; McEwen and Stellar 1993) , was higher among older English mothers and fathers of four or more children than among their counterparts with two children. The higher need for practical, emotional and financial support that parents may experience when they have more children could alter the equilibrium between support received and desired, and thus trigger stronger feelings of loneliness.
Additionally, higher fertility may affect loneliness by shaping expectations about social support. Parents with many children may have higher expectations of receiving support and companionship, and a "normal" level of support may countervail such expectations. Moreover, they spend a longer part of their lives living with at least one child at home, and the transition to an 'empty nest', where no children are co-resident, may be particularly detrimental White and Edwards 1990) . This suggests that parents with many children may feel particularly lonely when all children leave the household.
Eastern-European Context
Whether or not potential protective effects of many children are stronger than potential harmful effects may depend on context. The focus of the current study is on Eastern-European countries where levels of defamilialisation, i.e. "independence from family support for the satisfaction of one's own needs" (Saraceno and Keck 2011, p. 374) are relatively low, given the limited availability of publicly provided alternatives for family-provided care and support to older persons in need (Saraceno 2010 ). Long-term care systems in most Eastern-European countries are characterized by fragmentation, inadequate infrastructures and a lack of financial resources (Österle 2010, 2012) . Also, filial responsibility and obligations to support older parents tend to be relatively strong in Eastern Europe (Daatland et al. 2011; Österle 2010) . Consequently, close family members cover most of the support needs of older persons with health limitations (Österle 2010) . Additionally, the substantial erosion of the value of the relatively generous and near universal pensions has contributed to the impoverishment of many older Eastern-Europeans (Buckley and Donahue 2000; Laczko 1994) . All this may make the dependence of older persons on their children relatively strong in Eastern Europe.
Consistent with this reasoning, Grundy et al. (2019) recently showed that the links between fertility and psycho-social wellbeing were stronger in Eastern Europe than in Western Europe. Similarly, Mair (2013) found that the protective effect of family ties on older adults' health was particularly strong in Southern-European and Eastern-European countries, where a familialistic culture and low pension spending promoted family interdependence. Given that Eastern-European cultural and policy contexts foster a strong reliance of older people on close family, we expect the benefits of high fertility to outweigh the negative implications. We therefore hypothesize that, in the context studied here, having more children is protective against feelings of loneliness in later life.
Observational Studies, Selection and Reverse Causality Bias
Many studies on the impact of fertility on later-life loneliness compared parents and their childless counterparts (e.g., Hansen et al. 2009; Koropeckyj-Cox 1998; Van den Broek 2017; Vozikaki et al. 2018; Zhang and Hayward 2001) . Scholars assessing loneliness differences among parents have tended to focus on the role of differences in the frequency of contact with children (Fokkema et al. 2012; Pinquart 2003; Routasalo et al. 2006 ), the quality of the relationship with children (Koropeckyj-Cox 2002; Long and Martin 2000) or the geographical distance to children (Van den Broek and Grundy 2017). Compared to these qualitative aspects of parenthood, the links between number of children and loneliness-the focus of the current study-have received little scholarly attention. The small body of research in which these links have been assessed tends to show a weak negative association between number of children and feelings of loneliness in later life (De Jong Gierveld et al. 2012; De Jong Gierveld and Van Tilburg 2010; Hansen and Slagsvold 2016; Pinquart and Sörensen 2001; Van den Broek et al. 2019) . Null-findings have, however, also been reported for the combined Bulgarian/Russian/Georgian subsample in one study (De Jong Gierveld et al. 2012 ) and for Dutch and German samples in other studies (De Jong Gierveld et al. 2009; Stevens and Westerhof 2006) .
A problem in the estimation of the effects of number of children is that fertility is highly selective. Earlier research has, for instance, showed notable differences in fertility patterns by education, religiosity and family background (Mencarini and Tanturri 2006) . Completed fertility is associated with the timing of the transition to parenthood, educational attainment and socio-economic position (Isen and Stevenson 2010; Kravdal and Rindfuss 2008) . The lower educated tend to become mothers early and are more prone to have many children. Conversely, highly educated women are more likely to delay entry into motherhood to pursue high-qualified careers (Nicoletti and Tanturri 2008) , and are often socialized to cultural orientations that place less emphasis on motherhood and stress the importance of self-realization (Mencarini and Tanturri 2006) . Education and socio-economic resources are, in turn, protective against loneliness (Victor et al. 2005) . Not accounting correctly for these common antecedents can therefore introduce selection bias in the estimated effect of fertility on later-life loneliness. The approach typically taken to reduce this risk of omitted variable bias is to adjust for a range of control variables. However, this approach rests on the rather bold assumption that all potentially confounding variables are correctly included in the model specification. Moreover, potential reversed causality cannot be accounted for in the conventional strategy. People with a tendency to feel lonely may have difficulties to establish stable partner relationships. If this, in turn, results in lower fertility levels, then the causal direction of the association between fertility and feelings of loneliness may be opposite of what is typically assumed.
Studies addressing selection and reverse causality bias have used twin births and/or parents' preference for mixed-sex offspring as instruments to identify causal effects of fertility on children's outcomes (e.g., Angrist et al. 2010; Conley and Glauber 2006) . However, only few studies have adopted this strategy to analyze older parents' psychosocial wellbeing. An exception is a study by Kruk and Reinhold (2014) , who estimated the causal effects of additional children on depressive symptoms among older women and men in 13 European countries. They did not find statistically significant evidence that having an additional child was protective against depressive symptoms among fathers. Their results for mothers were mixed, with some evidence that having more children was associated with increased depression risks. In the current study, we will adopt a largely similar strategy to estimate the causal effect of high fertility on feelings of loneliness among older mothers and fathers in Eastern Europe.
Analytical Strategy
As argued above, the strong patterning of both high fertility and loneliness makes it challenging to adequately account for all potential confounding variables. In addition to straightforward ordinary least squares regression models in which we regress loneliness on number of children as observed and assume that the latter variable is exogenous, we therefore adopt an instrumental variable approach (Angrist and Pischke 2009) . Following Kruk and Reinhold (2014) , we exploit the preference for mixed-sex offspring that is present in many countries. Indicative of the preference for mixed-sex offspring is the finding reported in multiple demographic studies that parents of two children are more likely to have a third child when the two firstborn children are either both girls or both boys than when they are a girl and a boy (Andersson et al. 2006; Hank and Kohler 2000; Mills and Begall 2010) . Therefore, the former group of parents may have higher completed fertility than the latter. Given that this fertility difference is attributable to whether the sex of the second child is different from the sex of the first child, it is effectively randomly assigned by nature and therefore exogenous. We exploit this random assignment to estimate a causal effect of having more children on loneliness. This is done in a two-stage approach. Equation 1 presents the first stage model:
In the first stage, the number of children X for person i is regressed on the exogenous instrument Z, i.e. whether or not the two firstborn children of individual i having the same sex. Estimate 1 denotes the surplus number of children that, due to the preference for mixed-sex offspring, parents whose two firstborn children are of the same sex have over parents whose two firstborn children are of different sexes. This exogenous fertility difference is subsequently used in the second stage to estimate the causal effect of having more children on loneliness. The second stage is presented in Eq. 2. Here, loneliness Y for individual i is regressed on the number of children as predicted in the first stage X.
We estimate the instrumental variable models using two stage least squares regression with robust standard errors to account for the nested nature of our data (White 1980) . Given that antecedents of loneliness are known to differ between women and men (Dahlberg et al. 2015 ; Van den Broek 2017), all estimated models are stratified by gender.
Data

Sample
Data used are from Wave 1 of the Generations and Gender Surveys (GGS, see www.ggp-i. org). The GGS is a cross-national survey of nationally representative samples of the adult population of up to 80 years old (Vikat et al. 2007) . We restricted our sample to parents of at least two biological children who were between 50 and 80 years old from eight Eastern-European countries: Bulgaria, Czech Republic, Estonia, Georgia, Lithuania, Poland, Romania, and Russia (n = 26,868). We did not use the Hungarian sample, because information on loneliness was not collected in this country. Response rates varied between 36% for the Lithuanian sample and 84% for the Romanian sample (Fokkema et al. 2016) . Supplied country-specific weights were used to adjust for selective nonresponse (Fokkema et al. 2016) .
Respondents with missing information on loneliness (n = 212), the sex of at least one of the oldest two children (n = 44), or the birth year of at least one of their children (n = 443) were excluded. We also excluded respondents without a valid analytical weight (n = 7) and
(1)
respondents who reported having non-biological children (n = 427). Finally, we dropped respondents with three or more children whose second and third child were born in the same year (n = 327). We did so, because for these respondents the instrument used in this study could not be properly coded. After these exclusions, a final analytical sample of 14,807 mothers and 10,672 fathers remained.
Measures
Loneliness was measured with the six-item version of the De Jong Gierveld loneliness scale (De Jong Gierveld and Van Tilburg 2006) . This is a shortened version of the full 11-item version that has been recommended for research involving middle-aged and older adults (Penning et al. 2014 ). The shortened De Jong Gierveld loneliness scale consists of three positively formulated items ("There are plenty of people that I can lean on in case of trouble", "There are many people that I can count on completely", and "There are enough people that I feel close to") and three negatively formulated items ("I experience a general sense of emptiness", "I miss having people around", and "Often, I feel rejected").
Respondents are asked to what extent each of the statements applies to the current state of their lives, with response categories being "yes", "no" or "more or less". As prescribed by the developers of the scale (De Jong Gierveld and Van Tilburg 1999), we derived a loneliness scale score ranging from 0 (not lonely) to 6 (intensely lonely) by summing the neutral and positive answers ("more or less", "yes") on the negatively formulated items and neutral and negative answers ("more or less", "no") on the positively formulated items. The internal consistency of the scale was satisfactory in our sample (KR-20 = 0.75).
Our explanatory variable of interest is number of biological children. For our regression analyses, we deducted 2-the minimal number of biological children for the parents in our sample-from the total number of biological children in order to facilitate an easier interpretation of the estimated intercepts in our models. The instrument used to predict this plausibly endogenous variable is a variable capturing the sex composition of respondents' two firstborn children. This variable is dichotomous and distinguishes parents of whom the two firstborn children are of the identical sex (girl-girl or boy-boy) from their counterparts of whom the two firstborn children are of a different sex (girl-boy or boy-girl). 1 This instrument is exogenous, because it is randomly assigned by nature whether or not the sex of the second child is identical to the sex of the first child. Consequently, there is no need to include additional control variables in our models. Descriptive statistics for the sample used are presented in Table 1 .
Results
Results of ordinary least squares regression models and two-stage least squares models predicting loneliness measured with the short De Jong Gierveld loneliness scale are presented in 
Mothers
The first model is a naive ordinary least squares model in which the estimated negative association between number of children and feelings of loneliness was very small in magnitude and not statistically significant. As considered earlier, however, the assumption underlying this model that number of children is an exogenous variable may be overly bold, and it should be considered that the effect may be underestimated due to unobserved suppressors. The second model shown in Table 2 is the first-stage model of our instrumental variable model. It shows that mothers of two or more children whose two firstborn children were of the same sex had on average 0.09 children more than their counterparts whose two firstborn children were of two different sexes. The F-statistic greatly exceeded 10, indicating that the instrument used in the first stage (sex composition of the two firstborn children) strongly predicted the instrumented variable (total number of children) (F(1, 14805) = 26.9, p < 0.001). The third model presented is the second stage of our instrumental variable model. Here, the exogenous fertility difference between mothers whose two firstborn children were of two different sexes and mothers whose two firstborn children were of the same sex estimated in the first stage was used to estimate the causal effect of number of children on feelings of loneliness. Results indicate that an additional child had a substantial protective effect against loneliness. A robust score Chi-squared test indicated that the estimates of the two-stage least squares model were to be preferred over the estimates of the naive ordinary least squares model, because the assumption of exogeneity underlying the latter model was violated (χ 2 (1, N = 14,807) = 6.6, p < 0.05). Our analyses thus provide causal evidence that having more children is protective against later-life loneliness for mothers in Eastern Europe.
Fathers
The naive ordinary least squares model for men showed a small, but statistically significant association between number of children and loneliness. The first-stage model of our instrumental variable model showed that fathers of at least two children had on average 0.10 children more when their two firstborn children were of the same sex as opposed to when they were of mixed sexes. As was the case in the sample of mothers, the instrument was a sufficiently strong predictor of total number of children (F(1, 10,670) = 29.5, p < 0.001).
The estimated effect of number of children on feelings of loneliness was considerably larger in magnitude in the second stage of our instrumental variable model than in the naive ordinary least squares model. However, it was not statistically significant. A robust score Chi-squared test did not provide statistically significant evidence that the exogeneity assumption underlying the naive model was violated (χ 2 (1, N = 10,669) = 1.3, p = 0.26). Consequently, we did not have any reason to prefer the estimates of the instrumental variable model over the more precise estimates of the naive model. Our analyses thus suggest that having more children may also be protective against later-life loneliness among fathers in Eastern Europe. Given the inconclusiveness of the instrumental variable results, causality cannot be inferred from these findings, however.
Discussion
Drawing on GGS data of 25,479 parents aged 50-80 from eight Eastern-European countries, we assessed whether having more children is protective against later-life loneliness for Eastern-European mothers and fathers. The small body of research in which the link between number of children and later-life loneliness has been assessed typically adopted a descriptive approach, making findings prone to bias due to selection or reverse causality. In contrast to earlier work, we adopted an instrumental variable approach exploiting people's preference for mixed-sex offspring. This allowed us to estimate the causal effect of high fertility on loneliness.
For mothers, but not fathers, we found causal evidence that having more children was protective against later-life loneliness. Given that children are important sources of support and companionship for older mothers, higher fertility may reduce the discrepancy between the support derived and desired. Although mothers with many children tend to have a higher need of financial and care support (Cukrowska-Torzewska and Matysiak 2018; Kington et al. 1997) , they can rely on children's availability. In our analyses of loneliness, the positive effect of higher fertility on the opportunity of receiving support appears to outweigh its negative implications. The results of our analyses suggest that the magnitude of the effect of an additional child on mothers' feelings of loneliness in later life is large: one additional child was associated with an estimated decline in feelings of loneliness of approximately half a standard deviation. It is worth noting, however, that the confidence intervals were rather large, which means that the true effect in the population could be considerably smaller.
Previous descriptive findings have suggested that higher fertility may have either weak or no protective effects on parents' feelings of loneliness (De Jong Gierveld et al. 2012; De Jong Gierveld and Van Tilburg 2010; Stevens and Westerhof 2006) . Our naive ordinary least squares model of later-life loneliness among mothers also did not provide evidence for such an effect. However, we showed that the effect of additional children was significantly underestimated in this model. Several factors known from the literature to be protective against loneliness, e.g., high socio-economic status Victor et al. 2005) , are traditionally also associated with lower completed fertility (Isen and Stevenson 2010; Kravdal and Rindfuss 2008) . Failure to properly account for such factors will result in underestimation of the impact of high fertility on later-life loneliness. In some cases, this issue can be adequately addressed by including control variables in multivariate regression models. However, potential confounders or suppressors that are difficult to observe, e.g., personality traits, call for more inventive ways of addressing reverse causality and selection bias when investigating the links between number of children and laterlife loneliness, for instance an instrumental variable approach such as taken in the current study.
In a study using instrumental variable approach, Kruk and Reinhold (2014) showed some evidence that mothers with more children had more depressive symptoms in a number of European countries. It should be noted that depression and loneliness are distinct concepts (Weeks et al. 1980 ). Compared to depression, loneliness has a meaning that is more strongly linked to the actual and desired network of support, which is more sensitive to family size. This may explain the apparent discrepancy between our findings and those of Kruk and Reinhold (2014) . Within the concept of loneliness, a distinction is sometimes made between emotional and social loneliness (De Jong Gierveld and Van Tilburg 2006; Weiss 1973) . The former refers to the lack of a close bond of confidant, and the latter to a lack of contact. Additional analyses (full results available on request) suggested that number of children particularly affects social loneliness, but more research is needed to make conclusive statements about potential differences in the impact of high fertility on social loneliness and on emotional loneliness.
A few limitations of the current study should be considered. The estimates produced by our instrumental variable approach are unbiased, but relatively unprecise, i.e. confidence intervals are large. As a consequence of this lack of precision, the coefficient estimate of an additional child in the instrumental variable model for fathers is statistically indistinguishable from both zero and the statistically significant negative coefficient estimate produced by the naïve ordinary least squares regression model. Therefore, we cannot be conclusive about a possible causal protective effect of having additional children among Eastern-European fathers. Moreover, our approach necessitated us to only include parents of two or more children in our analytical sample. Therefore, the estimated causal effects of additional children on later-life loneliness may be different from the true effects of first and second children. Plausibly, these effects are larger than the effects presented here, given that there is evidence to suggest diminishing returns of additional adult children for older parents (e.g., Grundy et al. 2019) . Also, the instrument used exploits that older Eastern-European parents were more likely to plan to have an additional child when they did not have either a daughter or a son among their two firstborn children. This comes with the caveat that it does not predict additional unplanned children. The causal effects of additional children on later-life loneliness estimated in the instrumental variable models presented here are thus not valid for unplanned children.
We examined eight Eastern-European countries, where older persons have to rely on offspring for their welfare and where gender and family norms tend to be traditional (Guetto et al. 2015; cf. Jappens and Van Bavel 2012) . It would be interesting to test whether the causal protective effect of higher fertility on loneliness was weaker in Western-European countries where levels of de-familialization are higher (Saraceno 2010) . However, in this study we focused on a relatively homogeneous context where traditional family and gender attitudes make a relatively strong preference for mixed-sex offspring likely 2 (cf. Pollard and Morgan 2002) . Further research is needed to identify variation across (clusters of) countries in the causal effect of higher fertility.
Despite these limitations, our finding that having an additional child had a causal protective effect against later-life loneliness among Eastern-European mothers is important. In several Eastern-European countries, such as Bulgaria and Russia, a trend towards families with fewer children has been noted (Philipov and Kohler 2001; Sobotka 2003) . Our results suggest that this trend may place new cohorts of older Eastern-European women at increased risk of loneliness.
